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Abstract : 

A copolymer blend of epoxy and polyimide is used as a dielectric 
layer in a multilayer interconnect structure. This copolymer blend 


is free of cracking and crazing, provides good interlayer adhesion and 
following fabrication, is stable at temperatures in excess of 
200 [degree (s) ] C. A preferred composition is a siloxane polyimide in 
combination with a cycloalaphatic epoxy. 

What is claimed is: 

Exemplary or Independent Claim (s): 

1. A multilayer structure comprising: 

a first epoxy/polyimide copolymer blend dielectric layer; 
a patterned metal layer overlying said dielectric layer; and 
a second epoxy/polyimide copolymer blend dielectric layer over 
said patterned metal layer. 

Non-exemplary or Dependent Claim (s): 

2. The multilayer structure recited in claim 1 wherein: 

said second epoxy/polyimide copolymer blend dielectric layer 
is disposed on said first epoxy/polyimide copolymer blend 
dielectric layer and said patterned metal layer. 

3. The multilayer structure recited in claim 1 further comprising: 
a thermoplastic layer disposed on said first epoxy/polyimide 
copolymer blend dielectric layer and said patterned 

metal layer. 

4. The multilayer structure recited in claim 3 wherein: 

said second epoxy/polyimide copolymer blend dielectric layer 
is disposed on said thermoplastic layer. 
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Abstract : 

This invention relates to divinyl epoxy ethers having the formula 


(chemical structure - see patent image) 


wherein x and x' are integers each having a value of from 0 to 3 and 

to 

the preparation and use of the above divinyl epoxy ethers for 
metal, wood or plastic coatings which possess high 

resistance to solvents and improved flexibility over saturated epoxy 
compounds . 

What is claimed is: 

Exemplary or Independent Claim (s): 

1. The process of formulating a coating containing a cross-linkable 
base 

resin, a cross-linking initiator and an effective cross-linking 
amount of an epoxy divinyl ether compound having the formula 

chemical structure - see patent image) 
wherein x and x' each independently have a value of from 0 to 3 

and 

coating said formulation on a substrate. 
Non-exemplary or Dependent Claim (s): 

2. The process of claim 1 wherein said formulation is coated on 


substrate in a thickness of between about 0.02 mil and about 30 

mil 

and is cured thereon at a temperature of between about 
25 [degree ( s ) ] 

C. and about 250 [degree ( s ) ] C. 

3. The process of claim 2 wherein said formulation is coated on a 
metal substrate in a thickness of between about 0.5 mil and 
about 5 mils and is cured thereon at a temperature of between 

about 

50 [degree ( s ) ] C. and about 200 [degree (s) ] C. 

4. The process of claim 1 wherein said coating is cured on the 
substrate 

by exposure to a source of radiation or heat. 

5. The process of claim 1 wherein said coating is cured on the 
substrate 

by exposure to an electron beam at from about 0.5 to about 5 
megarads . 

6. The process of claim 4 wherein said coating is cured by exposure 

to 

UV light at between about 0.15 j oules/cm [ sup] 2 and about 225 
joules /cm [sup] 2 . 

7. The process of claim 6 wherein said coating is cured at between 
about 

6 joules/cm [sup] 2 and about 150 joules/cm [sup] 2 . 

8. The process of claim 1 wherein x and x' in said epoxy divinyl 
ether 

have a positive value. 

9. The process of claim 1 wherein x and x' in said epoxy divinyl 
ether 

are zero. 
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Abstract : 

A process for producing circuit boards involves the coating of a 
resinous substrate with a fluid mixture of an epoxy polymer 
component and a rubber polymer which is interactive therewith at 
temperatures of at least 180 [degree (s) ] F. Preferably the rubber is a 
low 

molecular weight polyf unctional reactive butadiene/acrylonitrile 
interpolymer which is terminated by vinyl or carboxyl functional 
groups. The rubber component comprises at least 70 percent by weight 

of 

the epoxy polymer component, and the coating has a thickness of 

0. 001-0.015 inch. The coating is partially cured to effect partial 
polymerization of the epoxy prepolymer, further polymerization of 
the rubber, if it is low molecular weight, and interaction of the 

rubber 

and epoxy polymer to form a matrix of the interacted rubber /epoxy . 
The exposed surface of this coating is then etched, and metal is 
deposited on the surface to form a conductive layer. A conductive 
pattern 

is formed therein, and heat and pressure are then applied to the 
conductive pattern and coating to fully cure the coating and bond the 
coating to the metal layer, and thus the conductive pattern to the 
resinous substrate. The metal layer may be deposited chemically or 
by vacuum metallizing and like techniques. 

Having thus described the invention, what is claimed is: 
Exemplary or Independent Claim (s): 

1. In a process for producing circuit boards having a metallized 
circuit 

pattern firmly bonded to a resinous substrate, the steps 
comprising : 

a) coating a resinous substrate with a fluid mixture of a 
f ormualtion 

containing; i) a low molecular weight polyf unctional reactive 

rubber 

component comprising an interpolymer of butadiene and 
acrylonitrile ; and ii) an epoxy polymer component, said 
components being interactive at temperatures of at least 
180 [degree (s) ] F., said rubber component comprising 50-200 percent 

by 

weight of the epoxy polymer component, said coating having a 
thickness of 0.0005-0.015 inch; b) partially curing the coating to 
produce partial cross-linking of said epoxy polymer component, 
further polymerization of the rubber, and interaction of said 

rubber 

and epoxy polymer components; c) etching the exposed surface 
of the coating to produce a microporous surface; d) depositing 
metal on the microporous surface of the coating to form a 
conductive layer with microf ormations extending into the recesses 

of 

said microporous surface; e) applying heat and pressure to said 


conductive layer and coating to fully cure said coating, thereby 
firmly bonding said coating to said metal layer and thereby 
said conductive layer through said coating to said resinous 
substrate; and f) electrodepositing metal on said conductive 
layer to form a conductive pattern therewith, said conductive 
pattern 

being bonded firmly to said substrate through said conductive 

layer 

and coating. 

19. In a circuit board, the combination comprising: a) a resinous 
substrate; b) an intermediate coating on one surface of said 
substrate of about 0.0005-0.015 inch and containing a rubber 
component and an epoxy polymer which have interacted to 
provide a matrix of the interacted rubber/epoxy polymer, said 
rubber component comprising at least 35 percent by weight of said 
coating; and c) a metal conductive pattern on said coating 
providing a circuit, said conductive pattern having a base 
metal layer with microf ormations at the interface with said 
coating an extending thereinto, said conductive pattern being 
embedded in said coating to a depth substantially equal to the 
thickness of said base metal layer, said coating being firmly 
bonded to said base metal layer and said conductive pattern 
thereby being bonded through said coating and base metal layer 
to said substrate. 


Non-exemplary or Dependent Claim (s): 

2. The process in accordance with claim 1 wherein said rubber 
interpolymer has terminal functional groups selected from 
vinyl and carboxyl . 

3. The process in accordance with claim 1 wherein said rubber 
interpolymer has a Brookfield viscosity of 100-400,000 cps at 
2 7 [degree ( s ) ] C . 

4. The process in accorance with claim 1 wherein said functional 
terminals groups interact with the epoxy polymer component 
during curing thereof. 

5. The process in accordance with claim 1 wherein said etching step 
utilizes a chemical etchant to attack the exposed surface of said 
coating and produce the microporous characteristic. 

6. The process in accordance with claim 1 wherein said etching step 
utilizes a plasma to attack the exposed surface of said coating 

and 

produce the microporous characteristic. 

7. The process in accordance with claim 1 wherein said metal 
layer is deposited by a process of vacuum metallizing. 

8. The process in accordance with claim 1 wherein said metal 
layer is deposited by electroless chemical deposition from a 

metallic 

solution . 

9. The process in accordance with claim 1 wherein said terminal 
functional group is a vinyl group and wherein said rubber 

component 

comprises 100-200% by weight of the epoxy prepolymer 
component . 

10. The process in accordance with claim 1 wherein said step or 
partially 

curing the coating comprises developing a temperature of 

250 [degree ( s )] -350 [degree ( s ) ] F. in the coating for a period of at 


least 2 hours, and wherein said step of fully curing the coating 

comprises developing a temperature in the coating of 

280 [degree (s) ] -350 [degree (s) ] F. for a period of at least 2 hours. 

11. The process in accordance with claim 1 wherein said step of 
applying 

heat and pressure at least partially embeds said conductive layer 

in 

the coating. 

12. The process in accordance with claim 1 wherein a continuous layer 

of 

metal is initially deposited on said coating and thereafter 
selectively etched to remove said layer between said elements of 

said 

conductive pattern. 

13. In a process for producing circuit boards having a metallized 
circuit 

pattern firmly bonded to a resinous substrate, the steps 
comprising : 

a) coating a resinous substrate with a fluid mixture of a 
formulation 

containing a rubber component and an epoxy polymer component 
which are interactive at temperatures of at least 180 [degree (s) ] 

said rubber component comprising 50-200 percent by weight of the 
epoxy polymer component, said coating having a thickness of 
0.0005-0.0015 inch; b) partially curing the coating to produce 
partial cross-linking of said eopxy polymer component, and 
interaction of said rubber component and epoxy polymer 
components to form a matrix of the interacted rubber and epoxy 
components; c) etching the exposed surface of the coating to 
produce 

a microporous surface; d) depositing metal on said microporous 
surface of the coating to form a conductive layer with 
microf ormations extending into the recesses of said microporous 
surface; e) applying heat and pressure to said conductive layer 

and 

coating to fully cure said coating, thereby firmly bonding said 
coating to said conductive layer and thereby said conductive layer 
through said coating to said resinous substrate, said heat and 
pressure embedding said conductive layer in said coating; and f) 
electrodepositing metal on said conductive layer to form a 
conductive pattern therewith. 

14. The process in accordance with claim 13 wherein said rubber 
component 

has functional terminal groups which interact with the epoxy 
prepolymer component during said metal curing step. 

15. The process in accordance with claim 13 wherein said etching step 
utilizes a chemical etchant to attack the exposed surface of said 
coating and produce the microporous characteristic. 

16. The process in accordance with claim 13 wherein said a conductive 
layer is deposited by a process of vacuum metallizing. 

17. The process in accordance with claim 13 wherein said rubber 
component 

is a low molecular weight polyf unctional reactive rubber 
comprising a 

interpolymer of butadiene and acrylonitrile which is 
terminated by a functional vinyl group and wherein said rubber 


component comprises 100-200% by weight of the epoxy polymer 
component . 

18. The process in accordance with claim 17 wherein said rubber 
interpolymer has terminal functional groups selected from 
vinyl and carboxyl . 

20. The circuit board in accordance with claim 19 wherein said circuit 
board is produced by a process comprising the steps of: a) coating 

a 

resinous substrate with a fluid mixture of a formulation 
containing a 

rubber component and an epoxy polymer component which are 
interactive at temperatues of at least 180 [degree (s) ] F., said 

rubber 

component comprising 50-200 percent by weight of the epoxy 
polymer component in said formulation, said coating having a 
thickness of 0.0005-0.015 inch and containing at least 35 percent 

by 

weight of said rubber component; b) partially curing the coating 

to 

produce partial cross-linking of said epoxy polymer component, 
and interaction of said rubber and epoxy polymer components to 
form a matrix of the interacted rubber and epoxy components; c) 
etching the exposed surface of the coating to produce a 
microporous 

surface; d) depositing metal on said microporous surface of 
the coating to form a conductive layer with microf ormations 
extending 

into the recesses of said microporous surface; e) applying heat 

and 

pressure to said conductive pattern and coating to fully cure said 
coating, therby firmly bonding said coating to said conductive 

layer 

and thereby said conductive layer through said coating to said 
resinous substrate, said heat and pressure embedding said 
conductive 

layer in said coating; and f) electrodepositing metal on said 
conductive layer to form a conductive pattern therewith. 

21. The circuit board of claim 20 wherein said rubber component is a 
rubbery polymer with terminal functional groups selected from 
vinyl and carboxyl . 

22. The circuit board of claim 21 wherein said rubbery polymer has 
a Brookfield viscosity of 100-400,000 cps at 27 [degree (s) ] C. 

23. The cirucit board of claim 20 wherein said rubber component is a 
low 

molecular weight polyf unctional reactive rubber comprising an 
interpolymer of butadiene and acrylonitrile which is 
terminated by a functional vinyl group and wherein said rubber 
component comprises 100-200% by weight of the epoxy polymer 
component . 

24. The circuit board of claim 19 wherein said rubber component 
comprises 

at least 50 percent by weight of said coating. 
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Abstract : 

A method of forming adherent metallized coatings on a substrate 
which 

is useful for the manufacture of printed circuit boards as well as 
other 

metal coated articles involves providing the substrate with a 
rubber-modified epoxy surface or coating, sputter etching at least 50 

A. 

from the surface followed by vacuum depositing an adherent thin metal 
film of Cr, Ni, Ni-V alloy, Pt, Pd or Ti onto the substrate. Another 
metal layer is then provided over the adherent thin film. 


What is claimed is: 


Exemplary or Independent Claim (s): 

1. A method of metallizing an article having a surface comprising a 

rubber-modified epoxy resin or an epoxy resin having a high degree 

of 

unsaturation excluding aromatic unsaturation comprises the steps 

of: 

a) sputter etching the substrate so as to remove at least 50A. 

from 

the surface of the substrate; b) vacuum depositing a thin adherent 
base metal film of a metal selected from the group consisting of 

Cr, 

Ni, Ni-V alloy, Pd, Pt and Ti onto the surface of the epoxy resin; 
and c) depositing a primary metal film over the thin base metal 

film. 


Non-exemplary or Dependent Claim (s): 

2. The method recited in claim 1 wherein the adherent base metal film 

is 

vacuum deposited without breaking the vacuum after sputter etching 
and further wherein the thicker primary metal is also deposited by 
means of vacuum deposition. 

3. The method recited in claim 1 wherein the thin base metal film is 
from 100A. to 10, 000A. 

4. The method recited in claim 14 wherein the thin base metal film is 

in 

the order of 1, 000A. 

5. The method recited in claim 1 wherein metallization is in the form 

of 

a predetermined pattern. 

6. The method recited in claim 1 wherein a final thick metal coating 

is 

applied to the substrate by means of electroless or 
electroplating . 

7. The method recited in claim 2 wherein the thin base metal film is 
applied by means of magnetron sputter etching and wherein said 

base 

metal film consists essentially of a nickel-vanadium alloy. 

8. A method of forming a circuit pattern on a substrate having a 
plurality of spaced through-holes and a substrate surface 

comprising 

a rubber-modified epoxy resin or an epoxy resin having a high 

degree 

of unsaturation excluding aromatic unsaturation comprising the 

steps : 

a) sputter etching the substrate so as to remove at least 50A. 

from 

the surface of the substrate; b) vacuum depositing a thin film of 

a 

metal base selected from the group consisting of Cr, NI, Ni-V 

alloy, 

Pd, Pt and Ti onto the major surfaces and through-holes; c) 
depositing a thicker primary metal over the thin base metal film; 

and 

d) forming a circuit pattern by means of etching unwanted portions 

of 

the previously applied metal films. 

9. The method recited in claim 8 wherein said thin base metal film is 


from 100A. to 10,000A. thick. 

10. A method of forming a circuit pattern on a substrate having a 
plurality of spaced through-holes and a substrate surface 

comprising 

a rubber-modified epoxy resin or an epoxy resin having a high 

degree 

of unsaturation excluding aromatic unsaturation comprising the 

steps : 

a) sputter etching the substrate so as to remove at least 50A. 

from 

the surface of the substrate; b) vacuum depositing an adherent 

thin 

film of a metal selected from the group consisting of Cr, Ni, Ni- 
alloy, Pd, Pt and Ti onto the major surfaces and through-holes; c 
depositing a thicker primary metal over the thin base metal film; 

d) 

defining a circuit pattern by applying, imaging an developing a 
photoresist in the form of said pattern over the substrate 
surface ; 

e) etching away the exposed metal portions not covered by 
photoresist; and f) electroplating a thick layer of copper over 

the 

remaining metal, the thickness of which is at least sufficient to 
provide good electrical conductivity. 

11. A method of forming a circuit pattern on a substrate having a 
plurality of spaced through-holes and a substrate surface 

comprising 

a rubber-modified epoxy resin or an epoxy resin having a high 

degree 

of unsaturation excluding aromtic unsaturation comprising the 

steps : 

a) sputter etching the substrate so as to remove at least 50A. 

from 

the surface of the substrate; b) vacuum depositing an adherent 

thin 

film of a metal selected from the group consisting of Cr, Ni, Ni- 
alloy, Pd, Pt and Ti onto the major surfaces and through-holes; c 
depositing a thicker primary metal over the thin base metal film; 

d) 

defining a circuit pattern by applying, imaging and developing a 
photoresist in the form of said pattern over the substrate 
surface ; 

e) electroplating a thick copper layer over the expose metal; f) 
applying a tin alloy etch resist over the thick copper layer; g) 
stripping the photoresist; and h) etching away the underlying 
primary 

metal layer and thin base metal film. 

12. A method of forming a circuit pattern on a substrate having a 
plurality of spaced through-holes and a substrate surface 

comprising 

a rubber-modified epoxy resin or an epoxy resin having a high 

degree 

of unsaturation excluding aromatic unsaturation comprising the 

steps : 

a) sputter etching the substrate so as to remove at least 50A. 

from 


the surface of the substrate; b) vacuum depositing an adherent 

thin 

film of a metal selected from the group consisting of Cr, Ni, Ni-V 
alloy, Pd, Pt and Ti onto the major surfaces and through-holes; c) 
depositing a thicker primary metal over the thin base metal film; 

d) 

defining a circuit pattern by applying, imaging and developing a 
photoresist in the form of said pattern over the substrate 
surface ; 

e) electrolessly plating a thick copper layer over the exposed 

metal ; 

f) stripping the photoresist; and g) etching away the metal 
underlying the photoresist. 

13. The method recited in claim 11 wherein the adherent thin metal 
film 

is in the order of about 1 microinch thick and the thicker primary 
metal layer is in the order of about 40 microinches thick. 
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Abstract : 


A method of forming adherent metallized coatings on a substrate 
which 

is useful for the manufacture of printed circuit boards as well as 
other 

metal coated articles involves providing the substrate with a 
rubber-modified epoxy surface or coating, sputter etching at least 50 

A. 

from the surface followed by vacuum depositing an adherent thin 
metal film of Cr, Ni, Ni-V alloy, Pt, Pd or Ti onto the substrate. 
Another metal layer is then provided over the adherent thin film. 
What is claimed is: 

Exemplary or Independent Claim (s): 

1. An article of manufacture comprising: a) a substrate having a 
surface 

of a rubber-modified epoxy resin, said surface having any weak 
boundary layer thereon essentially removed; b) a thin adherent 

base 

metal film selected from the group consisting of Cr, Ni, Ni-V 
alloy, Pd, Pt, or Ti on said surface, said metal having been 
vacuum deposited on the surface; and c) a thicker primary 
metal deposited over the base metal film said primary 
metal having a peel strength of at least 8 pounds/inch. 

Non-exemplary or Dependent Claim (s): 

2. The article recited in claim 1 wherein said rubber-modified epoxy 
resin contains an acrylonitrile-butadiene type rubber. 

3. The article recited in claim 1 wherein the weak boundary layer was 
removed by means of sputter etching at least 50 A. from the 

surface 

of the substrate. 

4. The article recited in claim 3 wherein the thickness of the base 
metal is from 30 A. to 10,000 A. 

5. The article recited in claim 3 wherein the thickness of the base 
metal film is in the order of 1,000 A. 

6. The article recited in claim 1 wherein the primary metal is 
selected from the group consisting of copper, nickel or a mixture 
thereof . 
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Alerting Abstract GB A 
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Alerting Abstract WO A 

Heat-sealable cap for heat-sealing thermoplastic polyester vessels comprises laminate of 
a heat-sealing layer (3 in Figure) whose major component is a copolymer polyester resin 
with a softening point of 120 deg.C or above and a glass transition temp, of 30-85 deg.C; 
an epoxy-phenol resin primer layer (2) and a metallic layer (1). (4 is a protective outer 
coating). The heat-sealing polyester resin is pref. a copolymer whose acid component 
contains 20-95% (molar) terephthalic acid, and whose diol component contains 20-95% 
(molar) of ethylene glycol; it pref. has an intrinsic viscosity 0.4-1.2. The primer is pref. 
an epoxy resin/phenol resin composite in the ratio 35:65-95:5 (wt.) and the phenol resin 
part is a mixt. of resin components having IF=1.5-2.8, where IF= 2M2+3M3+4M4; M2, 
M3 and M4 are respectively the number of moles in 100 g total phenol component of 
bifunctional-and trifunction-monophenol, and diphenol. Esp. pref. is a phenol/epihydrin 


condensate with epoxy equiv. 600-6000. The metallic layer is pref. aluminium foil, steel 
foil (opt. electrochrome treated), aluminium sheet, etc.. The heat-sealable part of the 
vessel is pref. a thermoplastic polyester with a melt temp, of at least 200 deg.C in the 
crystalline state and (thermally) crystallised; e.g. PET polybutylene terephthalate or 
polyethylene naphthalate. 

USE/ AD VANTAGE - Heat- seal formed is capable of resisting hot water treatment e.g. 
retort sterilisation and is pref. used in food containers. 
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Alerting Abstract JP A 


In the prodn. of metal foil-clad laminated sheet, resinous compsn. obtd. by mixing or 
preliminary reaction of (a) cyanic acid ester type resinous compsn., (b) butadiene type 
resin and/or (c) epoxy ester of (meth)acrylic acid or prepolymer of the epoxy ester, is 
applied to the plastic film or sheet, prepreg or metal foil and is semicured. The plastic 
film or sheet may be reinforced with base sheet which has softening pt. of at least 120 
deg.C. The prepreg is pref. prepared by coating or impregnating base sheet with 
thermosetting or thermoplastic resin which has been modified to have crosslinking 
properties followed by (semi) -curing. The lamination is pref. carried out in continuous 
process using long film, sheet, prepreg and metal foil. 

The sheet shows strong adhesion to metal foil and is excellent in resistance to heat and 
moisture, and good electrical properties. 
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A novel elastomer contg. chemically bonded metal atoms is obtd. by reacting a diene 
elastomer with the reaction prod, of an epoxy resin and a metal-contg. polymer (I). (I) is 
prepd. by reacting a polycarboxylic acid and a metal complex which is the reaction prod, 
of W carbonyl and/or Mo carbonyl with pyrrolidine. 

The rubber can absorb large amts. of energy while maintaining comparable physical 
characteristics of C loaded, not metal bearing rubber. It is resistant to high speed pebble 
impact and dust erosion and has a low level of thermal conductivity. It is useful as energy 
shielding, as coatings and in adhesives, e.g. for high speed vehicles travelling in hostile 
environments. 
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Heat curable coating compositions particularly suitable as coatings for metal can ends are 
made from aqueous dispersions of epoxy resins, acrylic resins which are copolymers of 
polymerizable acids and other monomers, and alkylated phenol novolac resins. 
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